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SUMMARY AND RECOMMENDATIONS 

Four sewage treatment options are advanced in this 
report for the Village of Tavistock that should adequately 
protect the Thames River (and its water uses) for a design 
sewage flow of 0.336 million Imperial gallons per day (to 
serve a population increase to 2800 persons at 120 Imperial 
gallons per capita per day of sewage flow) . 

The addition of a mechanical plant to the existing 
lagoon or the development of an aerated lagoon system, both 
of which are based on discharge to streamflow during the 
period November to April, should adequately protect water 
quality in the Thames River. However, with these options, 
further assessment of lagoon operations and stream quality 
may demonstrate the ultimate need for a pipeline to the main 
branch of the Thames River to offset sub-lethal effects of 
ammonia on warm-water biota in the un-named tributary re- 
ceiving the treated effluent. Another option, involving a 
lagoon system coupled with spray irrigation, can be considered 
without qualification. A final option, employing non- 
aerated lagoons, would require the utilization of a pipeline 
to the main branch of the Thames River to accommodate the 
sewage flow associated with the projected increase in popula- 
tion. 

The following recommendations are advanced: 

1. There should be no discharge of sewage effluent to the 
Thames River for the period from April 16 to October ■' 
31. 

2. The four sewage treatment options outlined in this 
report should be investigated using the requirements 
for sewage effluent quality and the discharge to stream- 
flow ratios which are provided. The most feasible 
option should be chosen. 
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INTRODUCTION 

Information obtained from the Municipal and Pri- 
vate Abatement Section indicates that the lagoons at the 
Village of Tavistock have reached hydraulic capacity. 
Therefore, the Council of the Village of Tavistock and staff 
of the Municipal and Private Abatement Section have requested 
that viable waste treatment alternatives be outlined together 
with appropriate design data to provide expansion to a 
population of 2800. This report recommends waste treatment 
alternatives that should be investigated by the Village. 

BASIN DESCRIPTION 

Figure 1 shows the location of the Village of 
Tavistock and its lagoons in relation to the Thames River 
from its source to the Gordon Pittock Reservoir. This reach 
of the Thames River flows through the Oxford Till (clay) 
plain physiographic unit. The lagoons are discharged twice ^ 
annually (spring and fall) into an un-named tributary approx- 
imately Ik mile from the Thames channel. The area of the 
Thames River watershed above the entry point for discharge 
from the Tavistock lagoons is 16.6 square miles and the 
average gradient in this reach is 28 feet per mile. The 
drainage area of the tributary which receives the lagoon 
discharge is about 1.8 square miles. The Village of Tavistock 
is located approximately 20 miles up-river from the Gordon 
Pittock Reservoir and the Thames has an average gradient of 
7.5 feet per mile in this reach. 

WATER USE 

Water uses in the upper reaches of the Thames 
River near Tavistock include livestock watering, sport 
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fishing and waste assimilation. Below the Tavistock sewage 
lagoons the river is used to assimilate sewage effluent and 
for livestock watering. 

There are sport fish such as bass and pike in the 
Thames River above the Gordon Pittock Reservoir near Tav- 
istock. During a fish sampling survey upstream of Innerkip 
on the Thames River on July 27, 1977, several largemouth 
bass, smallmouth bass and perch were identified. Extensive 
fishing occurs in the Gordon Pittock Reservoir for pike and 
other sport fish and local residents fish the river upstream 
of the reservoir. 



WASTE TREATMENT FACILITIES 

The waste treatment system for the Village of 
Tavistock consists of a 2-celled, 32-acre, waste-stabili- 
zation pond system. This system, as constructed in 1962, 
was designed for continuous discharge but was converted to 
operate on a seasonal discharge (spring and fall discharge) 
basis in 1967 for the protection of water quality in the 
stream. The hydraulic capacity for this method of operation 
is 242,000 Imperial gallons per day dgpd) . In 1972, the 
flows were about 165,000 Igpd. With the installation of a 
separated storm sewer in 1974, the flows were reduced to 
about 145,000 Igpd. By 1976, however, flows had increased to 
180,000 Igpd requiring expansion of the system before hydraulic 
overloading occurs. 



HYDROLOGY 

During the summer of 1976, a weir and continuous 
flow measuring equipment were installed to determine stream- 
flows at Tavistock (Figure 2). It was found that flows were 
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FIGURE 1 Thames River Basin in the vicinity of Tavistock 
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Figure 2 Survey stations on the Thames River, May 3-5, 1977 
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4. 
often less than 1.0 cfs in June, July and September. Mean 
monthly flows and minimum monthly average flows with a 
recurrence interval of 1 in 10 years for the federal stream 
gauge on Trout Creek (No. 02GD019) pro-rated to the Thames 
River at Tavistock are presented in Table 1. 

The minimum monthly average flows with a recurrence 
interval of 1 in 10 years are to be used for design instead 
of the usual 1 in 20 year interval since stream gauging data 
are not available for the 20 year period. We hesitate to 
extend the 10 years of record to obtain projected 20 year 
values, especially since the data are pro-rated; however, it 
is considered that the 1 in 10 year monthly minima are more 
extreme than those flows which would have occurred sequentially 
in any given year for the November to April period in the 10 
years of record. 

Streamflows measured at the time of the intensive 
survey from May 3 to May 5, 1977 are shown in Table 2. There 
was virtually no dilution of sewage effluent in the tributary 
of the Thames River at the outfall from the sewage lagoons 
during the survey. At the junction of the tributary with 
the Thames River, there was approximately a 1:1 dilution 
of sewage effluent with streamflow. 

WATER QUALITY 

Water quality data are available at two long-term 
monitoring stations (04-0013-018-02 at Innerkip and 04-0013- 
0055-02 upstream of the lagoon discharge) (Figure 1) . A 
summary of the data collected from the long-term station at 
Innerkip is contained in Table Al of Appendix A. These data 
show acceptable levels of dissolved oxygen at the time of 
sampling. The annual average BOD^ concentrations ranged 
from 1 to 3 milligrams per litre (mg/1) with maximum levels 



Table 1 - Streamfiow Data for the Thames River near Tavistock 

at the Junction of the Un-named Tributary which Receives 
the Discharge from the Lagoons. 



Month 



Mean Monthly Flow 
(cfs) 



Minimum Monthly Average Flow 
with a Recurrence of 1 in 10 
Years (cfs) 



January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 



27.0 
23.9 
65.2 
63.7 

15.4 
8.4 
2.6 
2.0 
2.5 
7.3 
20.3 
26.8 



4 

4 
35 

16 
5 

0.7* 
0.4* 
0.1* 
0.1* 
0.3* 
2 
2 



* Low flows were calculated by multiplying flows from 
Trout Creek (period of record 1967-1975) by 0.39 based 
on data collected at the Tavistock station while other 
flows were prorated on an area basis. 

Drainage Area of Thames River above point of effluent discharge 
= 16.6 square miles 



Drainage Area of Trout Creek above Federal Gauge Q2GD019 
= 13.9 square miles. 



Table 2 - Streamflows During the 1977 Survey 
in the Thames River at Tavistock 



Station 



TTl 



TT2 



TT3 
TT4 



Date 


Streamf low 




(cfs) 


May 4, 1977 


0.41 


May 5, 1977 


0.35 


Average 


0.38 


May 4, 1977 


6.16 


May 5, 1977 


5.33 


Average 


5.75 


May 4, 1977 


3.35 


May 5, 1977 


9.11 



Lagoon flow = TT2 - TTl = 5.75 - 0.38 = 5.37 cfs. 



5. 
as high as 10 mg/1 during spring runoff. (The samples 
collected 4 days after the termination of the intensive 
survey (May 3 to 5) exhibited a BOD^ of 13 mg/l) . The 
annual average total phosphorus levels have, for the most 
part, been in excess of the desirable range of 0.02 to 0.06 
mg/1 (to avoid excessive aquatic plant growth) . Annual 
average total free ammonia concentrations ranged from 0.05 
mg/1 to 0.19 mg/1 and total Kjeldahl nitrogen (TKN) ranged 
from 0.73 mg/1 to 1.1 mg/1. The bacteriological data indicate 
that the levels in the river at that station are consistently 
in excess of this Ministry's criteria for livestock watering, 
body-contact recreation and irrigation. 

Data obtained from a survey of water quality 
during the period May 3 to 5 , 197 7 are presented in Table B 
and Figure Bl to B6 of Appendix I. Locations of the stations 
sampled are shown in Figure 2. Bacteriological analyses 
(geometric means) indicate that this Ministry's criteria for 
livestock watering, irrigation and body-contact recreation 
were exceeded both upstream and downstream of the discharge 
from the lagoon. Minimum dissolved oxygen concentrations in 
the Thames River below the effluent discharge did not fall 
below 6 mg/1 for the first 5 miles downslteam even though the 
BOD^ (25 mg/1) and total Kjeldahl nitrogen (10 mg/1) were 
typical of lagoon effluents and the dilution ratio was only 
1:1. 

The ammonia levels in the Tavistock effluent 
(average 5.9 mg/1 during the survey) resulted in toxic 
concentrations of ammonia (greater than 0.3 mg/1, unionized) 
to warm water fish in the 1% mile tributary of the Thames 
River. Downstream of the junction of the tributary with the 
Thames River, levels of unionized ammonia persisted above 
the sublethal value of 0.03 mg/1 for about 5 miles. 



WATER QUALITY IN RELATION TO DESIGN CRITERIA 

Several options have been identified for the 
expansion of sewage treatment facilities at Tavistock. 
These include: 

1. The existing lagoon in conjunction with a sewage treatment 
plant as outlined in the Thames River Basin Water 
Management study. 

2. Lagoons with spray irrigation of sewage effluent. 

3. Aerated lagoons and discharge to strearaflow in the 
period from November to April. 

4. Non-aerated lagoons and discharge to streamflow in the 
period from November to April with a pipeline to the 
main Thames River. 

From an analysis of streamflow data, there are low 
flows in the summer months which annually approach or achieve 
zero. Because of these low flows, a year-round discharge 
from any treatment system is not a viable option and the 
treatment system must include lagoons. Any expansion of 
sewage facilities must permit no discharge of effluent 
during the May to October period because of phosphorus 
loadings and oxygen-demanding materials in the effluent. 
The streamflow values for the Thames River at Tavistock to 
be used for the design of the lagoons for the period from 
November to April are given in Table 3. 



Table 3 - Design Streamflows for the Thames River at 
Tavistock 



Month Minimum Monthly Average Streamflow 

with a Return Period of 1 in 10 Years 
(cfs) 

November 2 

December 2 

January 4 

February ^ 

March 3 5 

April 16 



The following key criteria are considered to be 
valid objectives for the protection of aquatic life in the 
Thames River: 

1. Dissolved oxygen values should be above 5 mg/l. 

2, Unionized ammonia should not exceed the estimated 
sublethal value of 0.03 mg/l for warm-water biota for 
extended periods. (NOTE: the background total free ammonia 
in the stream above the existing lagoon outfall in the 
winter is estimated at times as high as 0.4 mg/l). The 
ratio of unionizied to free ammonia varies substantially 
with pH and temperature. 

Options 1 and 2 

For option 1, winter discharge from a secondary 
mechanical sewage treatment plant is reasoned to have 
an ammonia loading of 5 mg/l since nitrification is 
very low at low temperatures. Therefore, the dilution 
ratios required for lagoons with aeration are similar 
to those that would be required for a mechanical plant. 
With the above information and information contained in 
the Thames River Basin Water Management Study, options 
1 and 2 can be evaluated. 

Options 3 and 4 

In order to assess the feasibility of options 3 
and 4 {involving modifications to the existing lagoons and 
modes of operation) it has been necessary to evaluate assumed 
effluent quality in relation to the minimum monthly average 
streamflows presented in Table 1. With respect to option 3, 
the assumption is made that free ammonia levels from the 
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lagoons during winter periods would be significantly reduced 
through an aeration process to keep the lagoons ice-free 
and/or an aeration cell for the final effluent. {As limited 
information is available on ammonia levels in lagoon discharges, 
particularly during winter periods, it is our intention to 
evaluate ammonia build-up in relation to the presence of ice 
cover at Tavistock during the 1977-78 winter season) . 
Conditions and considerations that have been taken into 
account for options 3 and 4 are as follows: 

Option 3, Lagoons with aeration 

Aeration would be coupled with an expansion of 
lagoon area or the existing lagoons would be deepened with 
mixing and aeration. Effluent criteria for lagoons with 
aeration are as follows: 

BOD^ 30 mg/1 

b 

Suspended Solids 30 mg/1 

TKN 10 mg/1 

Total Phosphorus < 1 mg/1, <0.5 mg/1 preferred 

Minimum Dissolved oxygen 3 mg/1, 5 mg/1 preferred 

Free Ammonia as N 5 mg/1 

PH < 8 

For option 3, the following operational conditions 
would have to apply: 

1. No discharge of effluent from April 16 to October 31. 

2. Continuous phosphorus removal for 12 months of the year 
to reduce phosphorus in the effluent to a maximum of 1 
mg/1 and preferably to . 5 mg/1 or less. 
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3. Discharge of sewage effluent in proportion to stream- 
flow in the Novenxber to April period as specified on 
page 10. 

4. In the period from November 1 to March 1, effluent 
should be discharged at a rate less than 3 times the 
daily influent value and also in such a way that the 
lagoon would contain at least 4 feet of effluent on 
March 1 (also observing the dilution requirements) . 

5. Calculated effluent values for ammonia are based on the 
assumption that the lagoons will be loaded (on the 
average) at a rate no greater than 20 pounds of BOD_ 
per acre per day. 

In assessing the feasibility of option 3, it has 
been assumed that the pH in the stream during the winter 
months would be equal to or less than 8, that dissolved 
oxygen in the stream above the outfall would at times be 
less than 60% of saturation (based on some field observations) 
and that stream temperatures during the winter period are as 
follows: 



November 


lO^C 


December to February 


5°C 


March 


10°C 


April 


15°C 



Calculated ratios for minimum strearaflow to lagoon 
effluent to maintain adequate water quality using an aerated 
lagoon are as follows: 
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Month 



Minimum Dilution Ratios of 
Streamflow to Lagoon Effluent* 



November 

December 

January 

February 

March 

April 



3:1 
1.5:1 
1.5:1 
1,5:1 

3:1 
5.5:1 



* It is essential that the minimum dissolved oxygen in the 
effluent be maintained at 3 mg/1 or greater. 

Option 4f Lagoons without aeration 

Another option is one in which the lagoon is not 
aerated. In this case, different effluent criteria and 
ratios of streamflow to effluent must be applied. The 
following effluent criteria for lagoons without aeration 
are: 



BOD3 

Suspended Solids 

TKN 

Total Phosphorus 



30 mg/1 

30 mg/1 

15 rag/1 

<1 mg/1, <0.5 mg/1 preferred 



Minimum Dissolved oxygen mg/1, 5 mg/1 preferred 
Free Ammonia as N 12 mg/1 
pH < 8 



V 



For option 4, the same operational conditions which 
are outlined for option 3 apply. To meet these criteria the 
following dilution ratios would have to apply to lagoons 
which are not aerated: 
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Month 



Minimum Dilution Ratios of 
Streamflow to Lagoon Effluent 



November 

December 

January 

February 

March 

April 



8.5:1 
5:1 
5:1 
5:1 

8.5:1 
15:1 



DISCUSSION 



Options 1 and 3 will be considered at this time 
without a pipeline to the main Thames River because information 
on pH and ammonia from lagoons and the corresponding criteria 
for the protection of warm water biota are not completely 
finalized. A pipeline to the main Thames River for these 
options will be required for a population equivalent of 2,800 
or 0.336 million Imperial gallons per day and may be required 
for a lesser population if studies show that production of 
warm water biota in the un-named tributary is significantly 
affected, 

Similarily, option 4 would require aeration of the 
lagoon final effluent for a population equivalent of greater 
than 2,800 (0.336 million Imperial gallons per day). 

From the requirements, conditions and information 
set out in this report, it is felt that the several options 
for sewage treatment can be investigated and one which is 
most feasible in relation to providing the necessary protection 



for the Thames River at minimum 



cost can be determined. 



Appendix I 
Water Quality Data 



Table A-1 - Water Quality Data at Long Term Station 
04-0013-018-02 

Table A-2 - Water Quality Data at Long Term Station 
04-0013-055-02 

1977 Survey Data 

Figure B-1 - Dissolved Oxygen vs. Distance 
Figure B-2 - BOD5 vs. Distance 
Figure B-3 - Total Phosphorus vs. Distance 
Figure B-4 - Free NH^ vs. Distance 
i Figure B-5 - TKN vs. Distance 

Figure B-6 - Bacteria vs. Distance 
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TABL3 A1 - VJater oualitv date at long term station Ol-OO'l "i-O^ ^02 



note; All resoils in mg/l except 
whe re t ndicated 
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0.032 


0.28 


520 


4.4 


12.5 


324 


7.5 


<4 


July 20 






2 


2,100 


7^0 


140 


0.185 


0.039 


0.025 


0.875 
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TABLH: A2 - Water quality data at long term station 04-0013-^55-02 
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tt?AB!.^ Bl - Walter quality dnU fr. 
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NOTE- All results in mg/| except 
whe re indicated 
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TABLS B1 - (Cont'd) 
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